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(57) ABSTRACT 

A method for data communication between objects or 
between object-oriented programming Systems, Such as 
object-oriented operating Systems (OS), in which transpar 
ency to different environments is presented for convenience 
to a programmer. In the data communication method for 
having communication between the object-oriented operat 
ing Systems or between objects, a tag (Tag), a future (Future) 
and continuation (Continuation) are handled as a tag (Tag) 
for controlling the Synchronization and parallelism of com 
munication between objects proper to different communica 
tion mechanisms having different properties or interfaces. 
These tags are communicated along with the communication 
meSSage. 

10 Claims, 21 Drawing Sheets 

Ismlocal FALSE 
EUTyRE 

TRUE S 

is reply 

fus ST15 
SArchfuture 
ATRIBUTES 

Si6 

TRUE Sia 
execute 
WAlt-R 

STORE REPLY 
MESSAGE 
RANSINTLY 

Stig RREPLY NFE 
END MARK 

Beit FUURE 

PUTsSuccess 
NMEA 

MESSAGE 

ST2: ERROR 
CENMETA 
MESSAGE 

ST22 ST23 

PUTsSuccess 
NRA 

MESSAs 

  



U.S. Patent Oct. 15, 2002 Sheet 1 of 21 US 6,466,991 B1 

14 
VCR 10 12 

RAM CPU 
13 O 

15 
BUS/MEMORY BUS/IO 

ROM BRIDGE BRIDGE 

23 

11 

O 2 

C CARD FD HARD DISC BUS SERIAL 
DRIVE DRIVE DRIVE SLOT PORT 

2 

f6 17 18 19 MoDEM 
22 

FIG.1 

  



U.S. Patent Oct. 15, 2002 Sheet 2 of 21 US 6,466,991 B1 

SERAL PORT VCR FUNCTION 

PPLICATION APPLICATION 
SOFTWARE SOFTWARE 
A 

API AP 

COMMUNICATION ( m) rive 
mLOcal 

OS FOR AV 

FIG.2 

Send(B,B1, msg, 
size of (msg),&futurel D) B::B1 

WaitFor 1 (futureID, 
&msg, size of (msg)) 

Reply 
(msg, size of(msg)) 

FIG.3 

  

  

  

  

  



U.S. Patent Oct. 15, 2002 Sheet 3 of 21 US 6,466,991 B1 

Send (B,B1, msg, 
size of (msg),8futurelD (msg) ) B::B1 

Reply 
(msg, size 
of(msg)) Wait For 

(futurel D, 
&msg, size 
of (msg)) 

FIG.4 

APPLICATION 
SOFTWARE 

- - - - - as - a- - - - - - - " " AP 

Replv Send eply Sen OBJECT 

Mailer 
MLoco Moiler 

MEMORY 

EXECUTION F –> zles AREA CODE { FUTURE 
- GENERATION 

APPLICATION 
AREA 

FIG.5 

  

  

  



U.S. Patent Oct. 15, 2002 Sheet 4 of 21 US 6,466,991 B1 

Thread D Creator 
bool is Reply Done 
void:k reply Message 

FIG.6 

A::A1 

Send(B,B1, msg, 
size of (msg), A2, cont Msg) 

B::B1 (....contiD) 

Kick(contiD) 
A::A2 

FIG.7 

Thread D Creator 
SelectOrmethod 
void k Message 

FIG.8 

  

  



U.S. Patent Oct. 15, 2002 Sheet 5 of 21 US 6,466,991 B1 

BASE OBJECT MLOCalMailer Scheduler 

MLCalMailer:Send 
M STf 

STATE GENERATION 
ST2 

ST7 FALSE 

ST4 ST5 

ADO DELIVERY 
MESSAGE TO 

TRALING END OF 
MESSAGE CUE 

ISSUE MakeReady 
TO SCHEDULER 
TO MAKE OBJECT 
EXECUTABLE 

MakeReady 
(Thread of Base 
Method, msg) 

SSuCCess 
(Confirm 

Ready State) 
ST6 

PUT SSUCCESS 
IN META MESSAGE 

R 

EXECUTE OR ST8 
EXECUTABLE 

STATE 

FIG.9 

  

  

  



U.S. Patent Oct. 15, 2002 Sheet 6 of 21 US 6,466,991 B1 

BASE OBJECT MocalMailer scheduler 

MLocal Mailer: Ready ST11 

WAITING 
STATE 

SPECIFY BASE 
LEVEL OBJECT 

ST12 

FUTURE 
DELIVERED 

WITH BASE LEVEL 
OBJECT 

FALSE 

IS mLocal 
EUTyRs 

TRUE 

IS REPLY 
MADE 2 

TRUE 

SEARCH FUTURE 
ATTRIBUTES ST18 

STORE REPLY 
MESSAGE 

TRANSIENTLY 
ST19 

ENTERREPLY 
EXECUTE END MARK 
WAIT-FOR 

ST23 DELETE FUTURE 

PUT SSuccess 
IN META 
MESSAGE 

PUTERROR 
CODE IN META 
MESSAGE 

PUT SSuccess 
IN META 
MESSAGE 

EXECUTE OR 
EXECUTABLE 

STATE 

FIG.10 

      

  

    

  

  

    

  

  

  

  

  

  

  

  

  

  

  



U.S. Patent Oct. 15, 2002 Sheet 7 of 21 US 6,466,991 B1 

MLOCalMailer 

M Locol M Oiler:Woit For ST31 
as - a - - as a so a sm up as quo as no 

FUTURE 
PR ESENT 

REPLY 
ALREADY 
MADE 2 

TO STEP ST43 
ENTER RESULT 
MESSAGE 

SET INFUTURE IN 
WAIT-FOR &MSG 

DELETE FUTURE 

PUT SSUCCESS IN 
META MESSAGE 

ST36 

PUTERROR CODE 
IN META MESSAGE 

FIG.11 

  

  

  

  

  

  

    

    

    

  

  

  



U.S. Patent Oct. 15, 2002 Sheet 8 of 21 US 6,466,991 B1 

MLOCalMailer 

MLocalMailer:WaitFor ST41 

FUTURE FALSE 

PRESEN) 

REPLY 
NOT MADE 
AS YET ? 

TRUE ST43 

WAITING STATE 

ST44 ST46 

TO STEP ST33 

PUT SSUCCESS IN PUTERROR CODE 
META MESSAGE IN META MESSAGE 

ST45 

META CALL 

  

    

  



U.S. Patent Oct. 15, 2002 Sheet 9 of 21 US 6,466,991 B1 

MESSAGE CUE 

MESSAGE 

EXECUTE OBJECT 

FIG.13 

MDriveMailer 

MDriveMailer::Send 

M ST5f 
REGISTER ARGUMENT 
IN META MESSAGE IN 

DELAY EXECUTION TABLE 

PUT SSuccess 
IN META MESSAGE 

STS2 

  

  

        

    

  

  



U.S. Patent Oct. 15, 2002 Sheet 10 of 21 US 6,466,991 B1 

MDriveMailer 

MDriveMailer::Kick 

ST61 
REGISTER ARGUMENT 1. 
IN META MESSAGE IN 

DELAY EXECUTION TABLE 

ST62 
PUT SSuccess 

IN META MESSAGE 

FIG.15 

  

    

  

  





U.S. Patent Oct. 15, 2002 Sheet 12 of 21 US 6,466,991 B1 

MDriveMailer 

Delayed ExecTable 

Scheduler 

GENERATE 
CONTUATION 

S MESSAGE 
ADDRESS moRIVE 

OBJECT 2 
TO DELIVERER 

ADO DELVERY 
MESSAGE AND 
CONTINUATION 
TO TRALING END 
OF MESSAGE CUE 

ISSUE MakeReady 
TO SCHEDULER 
TO MAKE OBJECT 
EXECUTABLE 

MakeReady 
(BaseThread 

sel, msg) 

FIG.17 

  

  

  

    

    

  

    

  

  

  

  

  



U.S. Patent Oct. 15, 2002 Sheet 13 of 21 US 6,466,991 B1 

Scheduler MDriveMailer 

Delayed ExecTable 
STOf 

CORRECT 
CONTINUATION FALSE TO DELIVERER 
OF mpRIVE 

TRUE ST92 

CONTINUATION 
PRESENT 

TRUE 

OPEN 
CONTINUATION 

TRUE ST94 

MESSAGE 
PRESENT 

IN MESSAGE 

STO6 

ADO DELIVERY 
MESSAGE AND ISSUE MakeReady 
CONTINUATION TO SCHEDULER 
TO TRALING END 
OF MESSAGE CUE 

TO MAKE OBJECT 
EXECUTABLE 

MakeReady 
(BaseThread 

Sel, msg) 

FIG. 18 

  

  

    

    

  

    

    

  

      

  



U.S. Patent Oct. 15, 2002 Sheet 14 of 21 US 6,466,991 B1 

A B 

META MESSAGE 

FIG.19 

BASE OBJECT 

BASE OBJECT 

INTERRUPT 

EXIT 

EXIT 

FIG.20 



U.S. Patent Oct. 15, 2002 Sheet 15 of 21 US 6,466,991 B1 

C3 

longword timeStamp 
ExecSpacelD mailer 

C2 

Continuation 

Thread D Creator 
Selector method 
void k Message 

Thread D Creator 
bool is ReplyDone 
void k ReplyMessage 

FIG.21 

  

  

  

  

        

  





U.S. Patent Oct. 15, 2002 Sheet 17 of 21 US 6,466,991 B1 

MLOCalMailer MDriveMailer 

DalayedExecTablevia 
MDriveMailer::Exit 

ST11 1 
CONFIRM NOT BEING - 
mDRIVE CONTINUATION 

DeliverTag(TID) 

send ST12 
SPECIFY TAG1 ap 

DeliverTag(TID) 
Send 

FIG.23 





U.S. Patent Oct. 15, 2002 Sheet 19 of 21 US 6,466,991 B1 

MDriveMailer Deliverer MLOCalMailer 

ST131 MLocalMailer: Reply 

SPECIFY BASE 
LEVEL OBJECT 

ST132 
FUTURE 

DELIVERED 
WITH BASE 
OBJECT 2 

ST134 TRUE 

mLocal T 
EUTyRs 

DeliverTag (TID) FALSE 

RUE TO 
STEP 14 

ST135 

PSERSR SPECIFY Mailer THAT 
GENERATED DELIVERED TAG META MESSAGE 

ST138 
DeliverTag (TID) 

OPEN -------- 
CONTINUATION 

ST140 

FALSE 

ST142 
ADO DELIVERY 

MESSAGE AND TD 
TO TRALING END 
OF MESSAGE CUE 

ISSUE MakeReady 
TO SCHEDULER 
TO MAKE OBJECT 
EXECUTABLE 

MakeReady(BaseThread, sel, msg) 
ST141 

FIG.25 

  

  

    

  

    

  

  

  



U.S. Patent Oct. 15, 2002 Sheet 20 of 21 US 6,466,991 B1 

FIG.27 

  



U.S. Patent Oct. 15, 2002 Sheet 21 of 21 US 6,466,991 B1 

MakeReady 

MakeDOrmant 

MakeReady 

E-u-la 

MakeWait 

FIG.28 



US 6,466,991 B1 
1 

DATA COMMUNICATION METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method for data communica 

tion between objects in an object-oriented programming 
System, Such as an object-oriented operating System (OS). 

2. Description of the Related Art 
Among recent Software techniques, there is a So-called 

object-oriented technique. In a Software applying the Soft 
ware techniques, various functions in the Software are 
formed into modules as objects. For realizing the functions 
of the Software in its entirety, each object has communica 
tion with other object(s). 

Various Systems of communication between objects may 
be thought of in regard to Synchronization or message 
management methods. These Systems need to be adopted 
responsive to various requests from particular applications. 
For meeting these requests, it is necessary to provide a 
communication mechanism between objects having proper 
ties associated with the applications, Such as Semantics, and 
associated interfaces (application programming interfaces or 
APIs). Meanwhile, the APIs, now discussed, mean interfaces 
employing the OS functions or interfaces as programming 
System functions. 

The presence of a communication mechanism between 
objects having properties or interfaces is referred to as 
presence of an environment. In an equipment or a host, 
only one environment may be realized, or plural different 
environments may be realized Simultaneously. Above all, the 
communication between objects existing in different envi 
ronments is crucial in realization of concordant operations of 
different environments. 

There are two eSSential concepts furnishing the functions 
of Sending messages to objects existing in different envi 
ronments. That is, 
1. the concept that interfaces or procedures furnished in 

Sending messages to object(s) present in different envi 
ronments are different from those used in Sending mes 
Sages to object(s) present in the same environment; and 

2. the concept that the same interfaces or procedures fur 
nished in sending messages to object(s) present in differ 
ent environments can be used in Sending messages to 
object(s) present in the same environment. 
The former method can be realized relatively easily 

because a programmer need not be conscious of all envi 
ronments Such that differences in the interfaces or proce 
dures can be absorbed by furnishing different functions 
depending on the differences in environments. 

However, So-called transparency, that is indifference of a 
program code to different environments, is more desirable 
for programmerS. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a data communication method enabling transparency to 
different environments to be furnished to programmerS. 

According to the present invention, there is provided a 
Software System in need of inter-object communication 
without regard to whether the OS is the same or different, in 
which there is provided a tag for realizing communication 
between Software items with transparency and a Software 
System applying the Software. 

By introducing the tag, a Software which has realized a 
communication mechanism having transparency between 
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2 
different environments and a System for realization thereof 
are realized. According to the present invention, communi 
cation becomes possible even if a Subject necessary for 
controlling the Synchronization or parallelism of the inter 
object communication proper to a communication mecha 
nism differs with environments without the necessity of the 
objects present in the different environments becoming 
conscious of the differences. 

Specifically, by introducing the tag for controlling the 
Synchronization or parallelism of the inter-object commu 
nication proper to the communication mechanism having 
different properties or interfaces, the inter-object communi 
cation between different environments can be realized easily 
with transparency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block circuit diagram showing a Schematic 
Structure of a VCR device applied to a data communication 
method embodying the present invention. 

FIG. 2 illustrates the manner of communication by a VCR 
device embodying the present invention, OS for 
communication, OS for AV and API. 

FIG. 3 illustrates a metaspace (mLocal) communication 
mechanism (in case WaitFor is executed before Reply). 

FIG. 4 illustrates a metaspace (mLocal) communication 
mechanism (in case Reply is executed before WaitFor). 

FIG. 5 illustrates the manner of communication of the 
application Software with mailer objects or Scheduler objects 
via API. 

FIG. 6 illustrates Future attributes. 

FIG. 7 illustrates a metaspace (mDrive) communication 
mechanism. 

FIG. 8 illustrates attributes of Continuation. 

FIG. 9 illustrates the flow of procedure of the relation 
between the metaobject (mLocalMailer) and Scheduler (for 
realization of Send in metaspace (mLocal)). 

FIG. 10 illustrates the flow of procedure of the relation 
between the metaobject (mLocalMailer) and Scheduler (for 
realization of Reply in metaspace (mLocal)). 

FIG. 11 illustrates the flow of procedure of the relation 
between the metaobject (mLocalMailer) and Scheduler (in 
case Reply is executed before WaitFor in WaitFor in the 
metaspace (mLocal)). 

FIG. 12 illustrates the flow of procedure of the relation 
between the metaobject (mLocalMailer) and Scheduler (in 
case WaitFor is executed before Reply in WaitFor in the 
metaspace (mLocal)). 

FIG. 13 illustrates a message cue. 
FIG. 14 illustrates the flow of procedure f Send in 

metaobject (MDriveMailer). 
FIG. 15 illustrates the flow of procedure of Kick in 

metaobject (MDriveMailer). 
FIG. 16 illustrates the flow of procedure called out when 

a base object on metaspace (mDrive) terminates processing 
at the time of termination (Exit) of the metaobject 
(MDriveMailer). 

FIG. 17 illustrates the flow of processing the procedure 
registered in a delay execution table (Delay ExecutionTable) 
(in case of Send of the metaobject (MDriveMailer). 

FIG. 18 illustrates the flow of processing the procedure 
registered in a delay execution table (Delay ExecutionTable) 
(in case of Kick of the metaobject (MDriveMailer). 

FIG. 19 illustrates the structure of MetaMessage. 
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FIG. 20 illustrates the operation n case of interruption of 
an object II during execution of a base object I. 

FIG. 21 illustrates the relation between Tag, Future and 
Continuation and that between tag (Tag) and the tag ID 
(TID) by an object model of the OMT method. 

FIG. 22 illustrates the flow of a forward path in case of 
communication between different metaspaces via object 
(deliverer) (in case of communication from the metaspace 
(mLocal) to a metaspace (mDrive)). 

FIG. 23 illustrates the flow of a backward or return path 
in case of communication between different metaspaces via 
object (deliverer) (in case of communication from the 
metaspace (mLocal) to the metaspace (mDrive)). 

FIG. 24 illustrates the flow of a forward path in case of 
communication between different metaspaces via object 
(deliverer) (in case of communication from the metaspace 
(mDrive) to the metaspace (mLocal)). 

FIG. 25 illustrates the flow of a backward or return path 
in case of communication between different metaspaces via 
object (deliverer) (in case of communication from the 
metaspace (mDrive) to a metaspace (mLocal)). 

FIG. 26 illustrates an example of a system for verifying 
tag types by the tag ID. 

FIG. 27 illustrates OMT including tag attributes in this tag 
ID (TID). 

FIG. 28 shows a status transition diagram of Thread. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring to the drawings, a preferred embodiment of the 
present invention will be explained in detail. 

The data communication method embodying the present 
invention can be applied to a Software System capable of 
realizing plural different environments., as one of its essen 
tial features. In the embodiment of the present invention, the 
environment is referred to as metaspace. In the embodiment 
of the present invention, the metaspace can furnish different 
'environments in connection with functions other than the 
communication mechanism between objects. An example of 
the Software System capable of realizing the above 
mentioned different environments is the data processing 
method and apparatus described in Japanese Patent Appli 
cation 8-67881 proposed by the present Assignee. The data 
processing method is carried out by a data processing System 
including an application program constituted by plural 
objects, an execution environment prescribing the operation 
of the application program constituted by plural objects, a 
Server having an application program interface prescribing 
the interface between the application program and the 
execution environment and a client downloading the appli 
cation program from the Server. When downloading the 
application program to the client, the Server checks whether 
or not the client has the execution environment for the 
downloaded application program and is responsive to the 
results of check to download the program to the client. 

FIG. 1 shows an example of a device structure for 
carrying out the data communication method embodying the 
present invention. 
The device of FIG. 1 is a video cassette recorder (VCR 

device) for recording/reproducing Signals using a video 
cassette comprised of a cassette and a video tape housed 
therein. Of course, the present invention can be applied to an 
audio visual equipment (AV equipment) other than the VCR 
device, office equipments or to a computer device in general. 

In the VCR device of FIG. 1, a VCR function unit 14 
mainly functions as a Video cassette recorder recording/ 
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4 
reproducing data using the Video cassette. The data 
recorded/reproduced on the video cassette by the VCR 
function unit 14 is Sent to other components of the device via 
bus/IO bridge 15 and is also sent out via terminal 23 to 
outside. The central processing unit (CPU) 12 is a controller 
controlling various parts via a bus/memory bridge 13. A 
random access memory (RAM) 10 is of smaller capacity and 
has a work area. A read-only memory (ROM) 11 has stored 
therein a program concerning basic functions and a program 
for OS as so termed in the present invention. That is, the 
CPU 12 controls various parts based on the program stored 
in the ROM 11 and uses the RAM 10 as a work area. 
The IC card drive 16 has a slot into which is inserted an 

IC card, as a recording medium having an integrated circuit 
(IC) in a card-shaped casing, and an IC card driving unit for 
Writing/reading data on or from the IC card. A floppy disc 
drive 17 includes a rotational driving unit for rotationally 
driving the floppy disc and a head unit for recording/ 
reproducing data on or from the floppy disc. The floppy disc 
drive 17 takes charge of recording of various data and 
installment of application software. The hard disc drive 18 
includes a rotational driving unit for rotationally driving the 
hard disc and a head for recording/reproducing data on or 
from the hard disc. Abus slot 19 is an extension terminal for 
adding an extension board, while a Serial port 20 is an 
input/output for having data communication with outside via 
a MODEM. 

The VCR device is designed to give additional application 
Software in addition to the usual VCR functions. For 
example, if a user intends to upgrade the version, that is to 
add new functions to the VCR device, additional functional 
units can be installed via an IC card, a floppy disc or a 
network such as Internet. This permits the user to upgrade 
the device function without re-purchasing a main body 
member of the VCR device. The application program is 
prepared by the programmer So as to be Supplied to the user. 
It is assumed that the above software is constructed by 
So-called object-oriented programming Software. 

In the above instance, communication is occasionally 
required between plural different environments 
(metaspaces). 

Referring to FIG. 2, the application Software items trans 
mitted from outside via MODEM and serial port is placed 
under an environment (metaspace) different from the appli 
cation software present in the VCR device from the outset. 
These application Software items can communicate with 
each other via a communication OS (metaspace (mLocal) or 
metaspace (mDrive) as later explained), OS for AV and API 
(Send or Reply as later explained). 

First, an instance in which the two specified examples of 
the different communication mechanisms as described 
above have been realized with the data communication 
method of the present invention is explained. The present 
examples are directed to a metaspace (mLocal) which has 
realized communication Semantics (properties or structure 
of meanings) employing a Subject termed Future and a 
metaspace (mDrive) which has realized communication 
Semantics employing a Subject termed Continuation. 

In the present embodiment, the above-mentioned speci 
fied examples of the different communication mechanisms 
are explained in the Sequence of 

Metaspace (mlocal) communication mechanism; 
Metaspace (mdrive) communication mechanism; 

* Comparison between Metaspace (mlocal) communica 
tion mechanism and Metaspace (mdrive) communication 
mechanism; 
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System for realizing the communication mechanism in 
the inventive method; 

System for realizing Future and metaspace (mLocal) 
communication mechanism and 

System for realizing Continuation and metaspace 
(mDrive) communication mechanism. 

Next, the basic explanation of the communication 
mechanism employing a tag is made. Here, again, the 
metaspace (mLocal) and the metaspace (mDrive) are taken 
as examples. Meanwhile, the metaspace(mLocal) and the 
metaspace (mDrive) can be grasped as one OS or a pro 
gramming System. In the present embodiment, by way of 
making the above basic explanation of the communication 
mechanism employing the tag, 

an instance in which an object A(method A::A1) performs 
Send and wait-For (Send--WaitFor) on the object B (method 
B1 (B::B1) and 

an instance in which the object B (method B1 (B::B1) 
performs Send on the object A (method A: A1) and desig 
nates the object B (method B2 (B::B2) as a continuation 
method are explained in this order. 
An instance of realizing the communication mechanism in 

the method of the present invention is then explained in 
detail. In the present embodiment, the instance of realizing 
the communication mechanism employing a tag in the 
method of the present invention is explained in the order of 

Future, Continuation and Tag; 
A System for managing a tag ID and an object delivering 

the tag ID (Deliverer); and 
Actual Communication between different metaspaces. 
Finally, other conceivable systems different in minor 

respects is explained. In the present embodiment, these 
other conceivable Systems are explained in the order of a 
System of recognizing the tag type by the tag ID; and a tag 
management System. 

First, the Specified examples of different communication 
mechanisms in the method of the present invention are 
explained. 

In the present chapter, as the specified examples of 
different communication mechanisms, Specified design 
Statements and the System for realization of the communi 
cation between different objects in the data communication 
method of the present invention are explained. In a Specified 
example of the present invention, next to the present chapter, 
the System for realizing the communication between objects 
between two different environments (furnishing the com 
munication mechanism) discussed in the present chapter is 
explained. 
Metaspace (mLocal) Communication Mechanism 
The metaspace (mLocal) is an environment Supporting the 

communication mechanism which is based on future 
(Future) (inter-object communication mechanism). This 
metaspace (mLocal) describes the application, of the design 
Statements of the metaspace (mLocal) communication 
mechanism. The interface will be explained later. 

The basic operation of the inter-object communication is 
herein discussed. The System for realizing this communica 
tion mechanism and the attributes of Future used in the 
explanation will be explained Subsequently. 

FIGS. 3 and 4 illustrate the basic operation of the inter 
object communication employing the metaspace (mLocal) 
communication mechanism. FIG. 3 shows an instance in 
which, in the metaspace (mLocal) communication 
mechanism, Wait-For has been executed before Reply, while 
FIG. 4 shows an instance in which, in the metaspace 
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6 
(mLocal) communication mechanism, Reply has been 
executed before WaitFor. In these figures, A, B denote 
objects, A::A1 and B::B1 denote a method A1 of the object 
A and a method B1 of the object B, respectively, a vertical 
Solid-line arrow denotes execution of the methods, Vertical 
broken-line arrows denote waiting States of the methods and 
the oblique Solid-line arrow denotes message delivery. 
Meanwhile, WaitFor is one of APIs (Application program 
ming Interface) in the metaspace (mLocal) and is used for a 
case in which the object A waits for the result of the object 
B. In WaitFor, there are provided, as arguments, future ID, 
reply message (&msg) as sent from the reply (Reply) and its 
Size (sizeof (msg)). Meanwhile, the reply (Reply) is one of 
APIs in the metaspace (mLocal) and is used in the present 
embodiment for the object B to make a response to the 
object A. In Reply, there is provided, as argument, the reply 
message (msg) obtained as the result of execution of the 
method B1 and its size (sizeof (msg)). 

In FIGS. 3 and 4, the object A sends a message to and 
receives a reply from the object B. First, the object A 
transmits a message to the object Busing Send. The method 
B1 (B::B1) is a method started by this. In the drawing, msg. 
is a delivered message, more precisely, its pointer. This starts 
the method B1 (B::B1). The methods A::A1 and B::B1 
operate in parallel. It is not certain which of WaitFor of the 
method A1 (A::A1) and Reply of the method B1 (B::B1) is 
executed first. Meanwhile, Send is one of APIs in the 
metaspace (mLocal) and is used in the instant embodiment 
for transmitting a mail. In Send, there are provided, as 
arguments, an address (B), a selection method (B1), a 
message (msg) and its size (sizeof(msg)) and future ID 
(futureID). 
When the object A transmits a message to the object B, the 

object A receives future ID (futureID). The futureID is an ID 
corresponding to a Subject, termed Future, generated inter 
nally in the operating System (OS) delivering a message. The 
term generating means Securing a memory area necessary 
for attributes constituting an object and initializing the 
attribute. Referring to FIG. 5, the application software is 
adapted for communicating via API with the object of a 
mailer (for example, an object of a metaobject 
(mLocalMailer) as later explained or an object of Scheduler 
Similarly as later explained. The mailer is executed by the 
CPU based on the execution code in the object. The CPU 
Secures a memory area required for Future in the OS area. 
When later the object A receives a reply to the delivery of the 
message, the future ID (futureID) is used for identifying 
which message transmission is associated with the received 
reply message. 

FIG. 6 shows attributes of Future. As these attributes, an 
ID for specifying the object that generated Future (Thread ID 
creator), a flag for checking whether or not a reply has been 
made (bool isReplyDone) and an area for preserving a reply 
message (void replyMessage), if any, are defined. In the 
examples of FIGS. 3 and 4, the object A and the message 
(msg) are preserved in the ID (Thread ID creator) and in the 
reply message (void reply Message), respectively. 

FIG. 3 shows an instance in which WaitFor has been 
executed before Reply. In Such case, futureID is given as an 
argument of WaitFor. Since processing for reply for desig 
nated futureID has not been done, execution of the method 
A1 (A::A1) is in the stand-by state. During this time, the 
method B1 (B::B1) keeps on processing and executes Reply 
when taking the procedure for making a reply. If Reply is 
executed, the State of Future generated when Starting the 
method B1 (B::B1) by the OS is observed. Since the OS can 
comprehend that there is a method in the Stand-by State for 
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Future, the method A1 (A::A1) is again restored to the 
executing state. The methods A1 (A::A1) and B1 (B::B1) 
again operate in parallel. 

FIG. 4 shows an instance in which Reply is executed 
before WaitFor. When Reply is executed, the state of Future 
generated when the method B1 (B::B) is started by the OS 
is observed. Since the OS can comprehend that the trans 
mitter of the message corresponding to Future (herein the 
object A) is not as yet in the stand-by state, the OS affixes 
a mark for Future that reply has been made. The method B1 
(B::B1) keeps on executing the remaining portion. If the 
method A1 (A::A1) is in need of a reply from the method B1 
(B::B1), the method A1 (A::A1) gives futureID as an argu 
ment of WaitFor. In this case, Since processing for making a 
reply to designated FutureID has already been done, the 
method A1 (A::A1) can continue its execution. 

In this manner, Future performs the role of a mediator for 
Synchronizing two objects operating in parallel. Since it is 
necessary in the design Statements of the metaspace 
(mLocal) communication mechanism for the message trans 
mitting Side to clarify for which message the reply is 
awaited, Future is identified by futureID. The message 
receiver is prescribed So that the message receiver is not in 
need of being conscious for which transmitter the reply is 
destined. Therefore, future ID is not manifested in any 
definite form. 
Metaspace (mDrive) Communication Mechanism 
The metaspace (mDrive) is an environment Supporting the 

communication mechanism which is based on Continuation. 
This metaspace describes a device driver. 

Here, the basic operation of the inter-object communica 
tion employing the metaspace (mDrive) communication 
mechanism is explained. The System for realizing this com 
munication mechanism or the attributes or Status transition 
proper to the Continuation used in the explanation will be 
explained in detail Subsequently. 

FIG. 7 shows the basic operation of the inter-object 
communication employing the metaspace (mDrive) commu 
nication mechanism. As in FIGS. 3 and 4, A, B denote 
objects, A::A1, A: A2 and B::B1 denote methods A1, A2 and 
B1 of the object A and the object B, a vertical solid-line 
arrow denotes execution of the methods and the oblique 
Solid-line arrow denotes message delivery. 

The object A transmits a message to the object B using 
Send. In the example of FIG. 7, the object A delivers the 
message (msg) to the method B1 (B::B1) of the object B. At 
this time, the object A gives a continuous method A2 and a 
continuous message (contMsg) to Send as fifth and sixth 
arguments, respectively. The method A2 (A::A2) at this time 
is a method of receiving a reply from the method B1 (B::B1) 
after end of processing of the method A1 (A::A1), while the 
method (contMsg) is a message assisting processing of the 
continuous method (A2) and is a method containing the 
contents delivered by the method A1 (A::A1) to the con 
tinuous method A2 (A::A2). 
The OS internally generates a Subject, termed 

Continuation, containing a continuous method and a con 
tinuous message. By generating Continuation here, an area 
necessary for Continuation is Secured in the memory, as in 
the case of Future explained with reference to FIG. 5, by 
executing the mailer object, Such as metaobject 
(mDriveMailer) which will be explained subsequently. 

FIG. 8 shows attributes of Continuation. The areas for 
storing the ID (ThreadID creator) for specifying an object 
that generated Continuation, continuous method 
(Selector method) and the continuous message 
(void*message) is defined here. The attributes of this Con 
tinuation are shown in FIG. 8 and the areas for preserving 
the ID (Thread ID creator) for identifying the object that 
generated Continuation, the Selected continuous method 
(Selector method) and the continuous message 
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8 
(void*message) is defined here. In the example of FIG. 7, if 
the object A, method A2 and the message (contMsg) are sent 
by Send, the OS generates Continuation, while the object A, 
method A2 and the message (contMsg) are preserved in the 
ID (Thread ID creator), continuous method (Selector 
method) and continuous message (void message), respec 
tively. 
The method B1 (B::B1) receives, in addition to the 

contents of the message delivered from the method A1 
(A::A1), the continuation ID (contID) generated by the OS 
as the ID Specifying the Continuation. In the example of 
FIG. 7, the method B1 (B::B1) receives the ID as contID. 
This continuation ID (ContID) is used as an argument of 
Kick. Meanwhile, Kick is one of APIs in the metaspace 
(mDrive). In the present embodiment, this continuation ID 
(ContID) is sent to the object A to obtain the information of 
the contents of the Continuation. This Kick has, as its 
argument, the above-mentioned continuation ID (ContiID). 
By kicking the Continuation, the object of the metaspace 
(mDrive) can unconsciously start the continuous method 
without becoming conscious of the information contained in 
Continuation. In the example of FIG. 7, the method B1 
(B::B1) itself kicks the received continuationID (contID) 
whereby the continuous method A2 (A::A2) designated by 
the method A1 (A::A1) is started to hand over the results of 
the method B1 and the continuous message (contMsg). 

In this manner, the Continuation can start the continuous 
method without the necessity for the object receiving the 
message to be conscious of who transmitted the message or 
to whom the reply is sent (the reply can be transmitted at that 
time). In the design Statements of the metaspace (mDrive) 
communication mechanism, Since the OS transmits the 
continuation ID (contiID) to the message receiving Side 
along with the message, the continuation ID (contiI)) is not 
manifested on the transmitting Side. 
Comparison of Metaspace (mLocal) Communication 
Mechanism and Metaspace (mDrive) Communication 
Mechanism 

In the design Statements of the metaspace (mLocal) 
communication mechanism, method execution remains par 
allel only since Start of a method until its end. Although this 
Semantics is not high in parallelism as compared to the 
design Statements of the metaspace (mDrive) communica 
tion mechanism, it has merits Such that it can be intuitively 
understood by a programmer, while the Volume of the codes 
required to be described can be reduced easily. It is however 
not possible with the present design Statements that an 
asynchronous event, Such as a device driver employing 
interrupt, cannot be described efficiently. 

In the design Statements of the metaspace (mDrive) 
communication mechanism, the continuous method after 
once terminating the method can be designated. If a reply is 
transmitted in association with an asynchronous event, Such 
as interrupt, the continuous method previously designated 
can be started by kicking the Continuation. Thus the asyn 
chronous event, Such as device driver, can be described 
efficiently. Although the program high in parallelism as 
compared to the design Statements of the metaspace 
(mLocal) communication mechanism can be described, it 
has demerits such that it cannot be understood intuitively by 
the programmer and that the amount of the codes that need 
to be described tends to be increased. 
System for Realizing Communication Mechanism in the 
Method of the Present Invention 

In the method of the present invention, the function 
furnished by the metaspace is realized by the object consti 
tuting the metaspace. Such object is termed a meta-level 
object or a metaobject, as contrasted to the object employing 
the function furnished by the metaspace. On the other hand, 
the object employing the function Supplied by the metaspace 
is termed the base level object or as a base object. 
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AS an object furnishing the functions common to the 
metaspaces, one termed Scheduler can be used (as a con 
Stituent element for realizing each communication 
mechanism, as now explained, can be used). The object 
Scheduler is a metaobject managing the State of an object. 
The design Statements of the Scheduler required in the 
present embodiment will be explained Subsequently. 
On the other hand, Since the communication mechanism 

of the metaspace (mLocal) differs from that for the 
metaspace (mDrive), the metaobject furnishing the functions 
realizing the relevant communication mechanism can be 
defined Separately. The metaobject for realizing the message 
delivery in the metaspace (mLocal) communication mecha 
nism is termed metaobject (MLocalMailer), while that for 
realizing the message delivery in the metaspace (mDrive) 
communication mechanism is termed me taobject 
(MDriveMailer). 

The metaspace (mLocal) communication mechanism and 
the metaspace (mDrive) communication mechanism are 
realized by the metaobject (MLocalMailer), Scheduler and 
other modules Supporting the execution thereof, and by the 
metaobject (MDriveMailer), Scheduler and other modules 
Supporting the execution thereof, respectively. Here, the 
relation between the metaobject (MLocalMailer) and Sched 
uler and that between the metaobject (MDriveMailer) and 
Scheduler are given a Scenario and the System for realizing 
each communication mechanism is shown. The Future and 
Continuation are also given attributes and the State transition 
thereof is shown by the scenario. 
System for Realizing Communication Mechanism for 
Future and that for Metaspace (mLocal) 

FIGS. 9 to 12 show the relation between the metaobject 
(MLocalMailer) and Scheduler by a scenario (flowchart). 

FIG. 9 shows the procedure for Send of the metaspace 
(mLocal). 

If, in FIG. 9, the base object on the metaspace (mLocal) 
executes Send, processing transferS to the metaobject 
(MLocalMailer) for the communication mechanism consti 
tuting the metaspace (mLocal), with the base object being in 
awaiting state (Wait), as shown at step ST7. Such transition 
of the processing State from the base object to the metaobject 
is hereinafter referred to as M (Meta Computation). 
On Such processing transition, the metaobject 

(MLocalMailer) generates future (Future) as step ST1. 
Then, as Step ST2, the State of the message cue (message 

array) of the objects of the address to which the message 
(ActiveMessage) is delivered. If, at this time, there is no 
message in the message cue (FALSE), the object is in the 
rest State (dormant if the Scheduler is in the Supervising 
state). Thus an API MakeReady is issued to the Scheduler at 
step ST5 to set the execution possible state for the object 
(ready State if the Scheduler is Supervising). The message 
cue is briefly explained here. Referring to FIG. 13, the CPU 
exploits the delivered message when executing one of the 
threads in the object. The message cue represents the mes 
Sage array and is constructed for Sequentially exploiting the 
messages in the message cue. Meanwhile, the API 
MakeReady is used in order to render the object executable, 
while Ready and Dormant indicate the execution possible 
State and the resting State of the object, respectively. In the 
Dormant State, the object is idle and in ready to receive a 
message. The API MakeReady has the method and the 
message (msg) specifying the object as an argument (Thread 
of base) (object B in the present embodiment). Thus, in the 
present embodiment, a Supervising command for Specifying 
the base object B for sending the message (msg) to the 
method B is sent to the Scheduler. 
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10 
On the other hand, if there is a message in the message cue 

(TRUE) at step ST2, the message is already delivered to the 
object of the address and the object is in the execution 
possible (Ready) State, while the object is in the course of 
execution (Running). Thus, at Step ST4, the message is 
entered at the trailing end of the message cue to terminate 
the processing. The Future ID that can identify Future 
corresponding to message transmission is simultaneously 
managed by the message cue. These States will be explained 
Subsequently with reference to FIG. 2. 
A return value Success (SSuccess) indicating the delivery 

end State is then placed in the metamessage (MetaMessage) 
and State transition is restored to the base object. The base 
object then is in the State of execution or in the execution 
possible State, as at Step ST8. The metamessage 
(MetaMessage) is a message having a parameter (argument) 
required for Send when the base object on the metaspace 
(mLocal) performs Send. 
The above-mentioned M (Meta Computation) and R 

(Resume) are shown in detail in the above referenced 
Japanese patent Application 89-67881. 

FIG. 10 shows the procedure concerning Reply by the 
metaobject (MLocalMailer). 

Referring to FIG. 10, the metaobject (MLocalMailer) first 
confirms, at step ST11, which base object has made the reply 
(Reply). In the examples of FIGS. 3 and 4, it is confirmed 
that the base object B has issued the reply. For this 
confirmation, the function GetLast( ), for example, of API, 
is used in the present embodiment. However, any desired 
method may be used. The base object is in the Wait state as 
at step ST24. 

Then, at step ST12 to step ST14, it is checked whether 
future ID Sent simultaneously with the starting of the base 
object is really the future (Future) of the metaspace 
(mLocal). If the results of the steps ST12 and ST14 are false, 
an error is deemed to have occurred and processing transfers 
to step ST22. If the result of check at step ST13 is false, the 
State is tantamount to communication with another 
metaspace by a communication mechanism employing the 
tag as a feature of the present invention, and the metaobject 
(Deliverer) as later explained is asked to take over the 
processing. 

If the result of check in the steps ST12 to ST14 is YES, 
the attribute (creator) of the future (Future) is checked at step 
ST15. At this time, the attribute (creator) includes the object 
which has sent the message to the base object which has 
made the reply (Reply). With the example of FIGS. 3 and 4, 
the object which has sent the message to the base object B 
which has made the reply is A and is preserved in an area 
Thread ID Creator. 

Next, at step ST16, it is checked whether the object is in 
the waiting state (Wait). If the object is in the waiting state 
(Wait), the object is executing WaitFor as at step ST17. In 
executing WaitFor, future ID (futureID), reply message 
(&msg) and size (sizeof (msg)) are had as arguments. The 
future ID (futureID) currently handled is equal to future ID 
(futureID) given to WaitFor and the message (msg) sent by 
the reply (Reply) is given the argument (&msg), as 
explained with reference to FIGS. 3 and 4. The object in the 
waiting State is again in the execution possible State by the 
API MakeReady. That is, in the examples of FIGS. 3 and 4, 
the object A is restored to the execution possible State. 

Since the method of the address is in the waiting State, 
designation and hence UNDEFINE (undefine) or message is 
unnecessary and hence are NULL. 
On the other hand, if at step ST16 the attribute Creator is 

not in the waiting State, WaitFor is not as yet eXecuted. Thus, 
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at this time, the metaobject (MLocalMailer) sets the attribute 
(isReplyDone) of future (Future) at step ST19 to enter a 
mark for reply completion. If necessary, the reply message 
is transiently preserved in the message (message) as at Step 
ST18. 

Subsequently, future (future) is deleted at step ST20 and 
a return value Success (SSuccess) of delivery completion is 
entered at Step ST21 in a metamessage (MetaMessage). At 
Step ST22, a return value Specifying an error is entered in the 
metamessage (MetaMessage) and, at Step ST23, a return 
value Success (SSuccess) for delivery completion is entered 
into the metamessage (MetaMessage). The base object then 
enters an executing State or an execution possible State as at 
step S25. 

FIGS. 11 and 12 illustrate the procedure for WaitFor. 
Specifically, FIG. 11 shows a case in which Reply is 
executed before WaitFor (the instance of FIG. 4), while FIG. 
12 shows the reverse case (that is, a case of FIG. 3), in 
association with the explanation of FIG. 10. The Subsequent 
flow of the base object is not shown for simplicity. 

In FIG. 11, the future (Future) is confirmed at step ST31. 
At step ST32, it is checked whether or not the attribute 
(isReplyDone) of the future (Future) has been set, that is 
whether or not the reply (Reply) has been made. If the results 
of these steps ST31, ST32 are both TRUE, the message is set 
in the message (&msg) of WaitFor as a result of the result 
message being set in future (Future) at step ST33. 
Subsequently, future (Future) is deleted at step ST31 and, at 
step ST35, delivery end success (SSuccess) is entered in 
metamessage (MetaMessage). If the result of step ST31 is 
FALSE, the error code is entered in the MetaMessage at step 
ST36 to perform R (Resume). If the result of ST32 is 
FALSE, processing transfers to step ST43 shown in FIG. 12. 

In FIG. 12, the future (Future) is confirmed at step ST41 
and, at step ST42, it is confirmed whether or not the attribute 
(isReplyDone) has been set. If the results of steps ST41 and 
ST42 are both TRUE, the waiting state is set at step ST43. 
Subsequently, Success (SSuccess) is entered into a metames 
sage (MetaMessage) and sent out at step ST45 from Meta 
Call. If the result of step ST41 is FALSE, an error code is 
entered at Step ST46 into the metamessage (MetaMessage) 
to perform R (Resume). If the result of step ST42 is FALSE, 
processing transfers to step ST33 of FIG. 11. In the examples 
of FIGS. 11 and 12, the base object requests the metaobject 
(MLocalMailer) to set up a waiting state (Wait) until R 
(resume). 
System for Realizing Continuation and Metaspace (mDrive) 
Communication Mechanism) 

In FIGS. 14 to 18, the relation between the metaobject 
(MDriveMailer) and Scheduler is given by a scenario. Since 
the metaobject (mDriveMailer) is a metaspace for a device 
driver, the procedure is slightly more complex than that for 
the metaobject (mLocalMailer). An illustrative example is a 
delayed execution table (DelayedExecutionTable). The pro 
cedure of Send and Kick in the metaobject (mDriveMailer) 
is Such that, when the object on the metaspace (mDrive) 
requests Send or Kick, only registration on the delayed 
execution table (DelayedExecutionTable) is carried out, 
while delivery of actual messages is done collectively at the 
time of exiting the method. 

FIG. 14 shows the procedure of Send in the metaobject 
(mDriveMailer). 

Referring to FIG. 14, the Send processing is registered on 
the delayed execution table (DelayedExecutionTable) at step 
ST51 as explained above. That is, the argument for delayed 
execution in the metameSSage is registered in the table. 
When the base object on the metaspace (mDrive) performs 
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Send, the metamessage (MetaMessage) as a Subject con 
taining parameters required for Send is registered on the 
delayed execution table (DelayedExecutionTable). 
Subsequently, at Step ST52, Success (SSuccess) is entered in 
the metamessage (MetaMessage) to perform R (Resume). 
The Structure of the above-mentioned metameSSage 

(MetaMessage) is briefly explained. 
Referring to FIG. 19, the metamessage (MetaMessage) 

has two areas, namely an area A for the information required 
for executing the API of the metacall (metacall), Such as 
argument, and an area B for error codes. The delay execution 
table (DelayedExecutionTable) is generated by the object of 
the mailer (mailer) Securing an area for the table in the 
memory, as in the case of generating future (Future) shown 
in FIG. 5. 

FIG. 15 shows the procedure of Kick in the metaobject 
(MDriveMailer). 

In this figure, the Kick processing is registered in the 
delay execution table (DelayedExecutionTable) at step ST61 
as in FIG. 14. Subsequently, Success (SSuccess) is entered at 
step ST62 in the metamessage (MetaMessage) to perform R 
(Resume). 

FIG. 16 shows a process when the base object on the 
metaspace (mDrive) terminates processing at the time of 
exiting the metaobject (mDriveMailer). Here, the procedure 
registered on the de lay execution table 
(DelayedExecutionTable) is executed in the Sequence in 
which processing has been requested and ultimately the 
procedure is taken for terminating the object method. 

In FIG. 16, the step ST71 is first set and the base object 
which has requested the exit procedure is identified (using, 
for example, a function GetLast(). 

Next, at Step ST72, it is checked whether or not the base 
object has been Started by interruption. That is, it is checked 
whether the Exit method has been started due to base object 
interruption. If the method has been Started by interruption, 
it is probable that another interruption is present after the 
interruption which has caused Starting of the method. Refer 
ring to FIG. 20, if the base object II has interrupted during 
execution of the base object I, it is checked at step ST73 
whether the present Exit means the Exit of the interruption 
of the base object II. If the results of check at step ST72 and 
ST73 are both found to be TRUE, processing reverts at step 
ST74 to the above-mentioned separate interruption (Resume 
Interrupt). If the results of check at steps ST72 and ST73 are 
both FALSE, the procedure registered in the delayed execu 
tion table DelayedExecutionTable is performed. As for this 
processing, FIGS. 17 and 18 show Send and Kick, respec 
tively. 

After the processing for the delayed execution table 
(DelayedExecutionTable) at step ST75 comes to a close, it 
is again checked at step ST76 whether or not the base object 
has been started by interruption. This step ST76 is substan 
tially the same as step ST72. If the object has been started 
by interruption, the procedure for returning therefrom 
(ExitFrom Interrupt()) is executed to terminate the first 
interruption. If the object is not started by interruption, the 
object has been Started by usual inter-object communication. 
At step ST78, the delay execution table 
(DelayedExecutionTable) is initialized and a message is sent 
to Scheduler to make it dormant (makeDormant). The argu 
ment (Base Thread) is a base object specified at step ST71. 
At step ST79, the message so far executed is removed from 
the message cue of the base object. 

If the message cue has become Void, the processing comes 
to a close. If the message cue is not Void, MakeReady is 
issued to the Scheduler, with the message to be delivered 
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next as an argument, So that the object will again be started 
by the message given by the argument. This Sets the object 
to a execution possible (ready) state for the next message. 

FIGS. 17 and 18 show a scenario for processing one of the 
procedures registered in the delay execution table 
(DelayedExecutionTable). If 10 are issued to the table, for 
example, 10 operations are carried out. The contents of 
request to the Scheduler by the presence or absence of the 
message are similar to those in the case of the metaobject 
(MLocalMailer). 

In case of Send in the metaobject (MLocalMailer) in FIG. 
17, Continuation is first generated at step ST81. 
At the next step ST82, it is checked whether the address 

of the message is the metaspace (mDrive). If the result of 
check is FALSE, a metaobject (Deliverer) is asked to 
perform processing and then takes over tag communication. 
At step ST83, the state of the message cue of the object of 
the address of delivery of a message (ActiveMessage) is 
checked. If there is no message in the message cue, the 
object is in the resting state (dormant if the Scheduler takes 
over supervision). Thus, at step ST85, MakeReady is issued 
to the Scheduler to set the execution possible state of the 
object or to Set the execution possible State of the object if 
the Scheduler is in the Supervising State. 

If, at step ST82 and ST83, the results of check are TRUE, 
the message has already been delivered to the object of 
destination So that the object is in the execution possible 
state, in the course of execution (RUNNING) or suspended 
State. Thus, at Step ST84, the corresponding message is 
entered in the trailing portion of the message cue to termi 
nate the processing. At this time, Continuation correspond 
ing to the message transmission and a TID for Specifying it, 
as later explained, is also Supervised in the message cue. 

In case of Kick of the metaobject (MDriveMailer) in FIG. 
18, it is checked at step ST91 whether or not Continuation 
as given is Continuation of the metaobject (MDriveMailer). 
If the result of check at step ST91 is TRUE, the presence of 
Continuation is checked at step ST92. If Continuation is 
confirmed, it is opened at step ST93 and attributes in the 
Continuation (address, method or message) are checked So 
that Send is carried out accordingly. At the next step ST94, 
the message is confirmed. At Step ST95, the message is 
entered in the last portion of the message cue to terminate 
the processing. At this time, the tag ID (TID) associated with 
message transmission, as later explained, is simultaneously 
Supervised in the message cue. 

If the results of check of the steps ST92 and ST94 are 
otherwise, MakeReady is issued to the Scheduler at step 
ST96 to set the execution possible state of the object. The 
steps ST94, ST95 and ST96 are functions similar to those of 
the steps ST83, ST84 and ST85. If the result of check at step 
ST91 is FALSE, this case is tantamount to the case of having 
communication with other metaspaces by a communication 
mechanism employing the tag and the metaobject is asked to 
perform processing (Deliverer). 
Basic Explanation of the Communication Mechanism 
Employing Tag 

For having inter-object communication, it is necessary to 
achieve Synchronization with execution of other methods or 
reception of a reply besides simple message transmission. At 
this time, Future and Continuation are required. The data 
Structure controlling Synchronization and parallelism 
required in communication between plural objects, Such as 
future or continuation in the present embodiment, is termed 
a tag. The data Structure is of a Structure Such as Structure 
in the C-language or PASCAL or Class in C++. This tag 
relates different Structures with a common data Structure. 
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This common data structure is configured for including an 
identifier (attributes: such as ExecSpaceID mailer), for dis 
tinguishing these different data Structures. The common data 
Structure is also configured for including an identifier 
(attributes: Such as longword timeStamp) for distinguishing 
data Structures of the same type as will be explained in detail 
with reference to FIG. 21. The ID necessary for distinguish 
ing the tags is termed tag|D (TID). 

For tag attributes, tag types are required. The tag type 
needs to be able to specify in which environment the tag is 
used. However, the tag type need not be able to achieve 
global recognition. It is Sufficient if, in case the tag type 
cannot be identified, the tag type is identified by inquiring 
another independent object capable of Specifying the tag 
type. 

Taking an example of future (Future) and continuation 
(Continuation) in the metaspace (mLocal) and metaspace 
(mDrive), the communication between different metaspaces 
employing tags is explained. In the present embodiment, it 
is assumed that the object A and the object B are present in 
the metaspaces (mLocal) and (mDrive) as discussed above, 
respectively, and the following methods are defined. 
Object A 
Method A1 (A::A1) 
Object B 
Method B1 (B::B1) 
Method B2 (B::B2) 
The basic operation of the communication between dif 

ferent metaspaces employing tags will be explained for the 
following two cases. 
1. The object A (method A1 (A::A1)) effects Send and 
WaitFor (Send+WaitFor) for the method B1 (B::B1). 

2. The object B (method A1 (A::A1)) effects Send and 
WaitFor for the method A1 (A::A1) and designates Send 
for the method A1 (A::A1) and designates the method B2 
(B::B2) as a continuous method. 

In Case the Object A (method A1 (A::A1)) Effects Send and 
WaitFor (Send--WaitFor) for the method B1 (B::B1) 
The method A1 (A::A1) executes Send (object B, method 

B1, message (msg), function sizeof msg) and future ID 
(futureID)). At this time, the metaobject (mLocalMailer) for 
performing this processing generates future (Future). It is 
sufficient if future (Future) meets the following conditions: 
The future (Future) needs to be a unique Subject capable 

of identifying the tag ID, 
the tag type indicates the future (Future) of the metaspace 

(mLocal), and 
the future (Future) has attributes of the future (Future) 

shown in FIG. 6. 
The metaobject (MLocalMailer) requests the metaobject 

(MDriveMailer) to deliver the message (msg) to the object 
B by Some means, while also requesting Starting the method 
B1 (B::B1). At this time, the tag ID capable of specifying the 
future (Future) is simultaneously delivered. The future ID 
(futureID) is received for specifying the future Subsequently. 
Here, the variable of the type is future ID (futureID). This ID 
is conceived to map the tag ID in meeting with the design 
Statements of the metaspace (mLocal). 
The object B cannot or should not know from where the 

message has been delivered when the method B1 (B::B1) is 
Started by its message (msg). This is required in the real 
ization of a transparent inter-object communication. When 
the method B1 (B::B1) is started, Continuation is started 
Simultaneously with the message (msg). The continuation 
(Continuation) is handled as a type (continuation ID 
(contiD). The variable is contD. This variable identifies the 
Same tag as the previous futureID. 
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With progress of execution of the method B1 (B::B1), 
Kick(contiI)) is executed. At this time, the metaobject 
(MDriveMailer) checks the tag type that can be specified by 
the continuation ID (ContID). At this time, there are two 
possibilities from the Viewpoint of the tag ID management 
System. 
1. A system in which a metaobject (MDriveMailer) can 

recognize that the tag type identifiable with continuation 
ID (contID) is the future (Future) of metaspace (mLocal) 
(tag ID management System (1)). 

2. A system in which the metaobject (MDriveMailer) cannot 
recognize the tag type identifiable with continuation ID 
(contiID) (tag ID management System (2)). 
In the former system, the metaobject (MDriveMailer) can 

directly deliver tag|D to the metaobject by some means. If 
the tag|D is delivered, the metaobject (MLocalMailer) can 
perform processing in the same way as when the reply 
(Reply) is performed on the metaspace (mLocal). That is, for 
the future (Future) corresponding to tag|D (=future ID 
(futureID)), execution of the method A1 (A::A1) can be 
re-initiated in the Same way as the Scenario shown in FIG. 
10, or the reply message can be transiently preserved in the 
future (Future). 

In the latter case, the following method may be conceived 
as a method for delivering the tag|D to the metaobject 
(MLocalMailer). 
1. There is another object Supervising a tag type. When 

given the tag|D, this object Searches the type of the tag|D 
and prepares a method which shows a mailer as an API 
capable of processing the tag. The metaobject 
(MDriveMailer) exploits this method to know that it 
suffices to deliver the tag ID to the metaobject 
(MLocalMailer) and directly delivers the tagD to the 
metaobject (MLocalMailer) (tag ID management System 
(2A)). 

2. There is another object Supervising a tag type and the 
object directly delivers the given tag|D to the mailer 
(Mailer) capable of processing the associated tag(tag ID 
management System (2B)). 
In these cases, the tag|D is ultimately delivered to the 

metaobject (MLocalMailer) in order to re-start execution of 
the method A1 (A::A1) in the same way as the Scenario 
shown in FIG. 10 or preserve the reply message transiently 
in the future (Future). The object B (method A1 (A::A1) 
effects Send and WaitFor for the method A1 (A::A1) and 
designates the method B2 (B::B2) as a continuous method. 
The method B1 (B::B1) performs Send (object A, method 

A1, message (msg), function (sizeof (msg)), method B2 and 
message (contMsg)). At this time, the metaobject 
(MDriveMailer) carrying out this procedure generates con 
tinuation (Continuation), which satisfies the following 
requirements: 

That the continuation (Continuation) is a unique Subject 
that can be identified by the tag|D; 

that the tag type indicates that it is a continuation 
(Continuation) of the metaspace (mDrive); and 

that there is the attribute of the continuation 
(Continuation) shown in FIG. 8. 
The OS including the metaobject (MDriveMailer) deliv 

ers the message (msg) to the metaobject (mLocalMailer) by 
Some means and requests Starting the method A1. The tag|D 
capable of identifying the continuation (Continuation) is 
delivered Simultaneously. 

In the usual inter-object communication of the metaspace 
(mDrive), this tag|D is handled as the continuation ID 
(contiID). However, in this case, it is unnecessary to handle 
the metaobject (MLocalMailer) as the continuation ID 
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(contD), such that it is handled as tag|D. If, in the usual 
inter-object communication of the metaspace (mLocal), a 
message is delivered for Starting a method, a tag ID deliv 
ered from the metaobject (MDriveMailer) is associated with 
it, in the same way as the future (Future) or the future ID 
(futureID)) is associated with it. 
With progress of execution of the method A1 (A::A1), the 

reply (Reply() or Reply (Reply Msg)) is executed. At this 
time, the metaobject (MDriveMailer) checks the tag ID 
associated when the method A1 (A::A1) is started, and 
checks the tag type identified by the tag ID. In this case, in 
the same way as when having communication from the 
object A on the metaspace (mLocal) to the object B on the 
metaspace (mDrive), there are two possibilities from the 
Viewpoint of the tag|D management System, namely 
1. a system in which a metaobject (MLocalMailer) can 

recognize the tag type identifiable as being continuation 
(Continuation) of metaspace (mLocalMailer) (tag|D man 
agement System (1)). 

2. A system in which the metaobject (MDriveMailer) cannot 
recognize the tag type identifiable with tag ID (contiID) 
(tag|D management System (2)). 
In both of these systems, the tag|D can be delivered to the 

metaobject (MDriveMailer) by some means as in the case of 
communication from the object A on the metaspace 
(mLocal) to the object B on the metaspace (mDrive). On 
reception of the tag|D, the metaobject (MDriveMailer) per 
forms processing as in the scenario shown in FIG. 18. That 
is, the continuation (Continuation) associated with the tag 
ID is first opened for obtaining the continuous method and 
the continuous message. Responsive to the State of the 
message cue of the object to which the continuous method 
should be delivered (creator of Continuation), the scheduler 
is accessed for ultimately starting the method B2 (B::B2). 
“Instance of Realization of a Communication Mechanism in 
the Present Embodiment Employing Tag 

In the present chapter, a System of realization enabling 
communication with transparency of objects present in the 
metaspace (mLocal) and in the metaspace (mLocal) using 
the tag is explained. It is assumed that there exist only two 
communication mechanisms, namely a metaspace (mLocal) 
communication mechanism and a metaspace (mDrive) com 
munication mechanism as different communication mecha 
nisms. 
Future, Continuation and Tag 

In the OS, Future in metaspace (mLocal) and continuation 
in metaspace (mDrive) can be handled as tags. In this case, 
it is necessary for the OS to discern whether the tag (Tag) is 
future (Future) or continuation (Continuation). As a type for 
making distinction, the ID of the mailer (Mailer) of API is 
used. If the mailer ID used as a tag type is metaobject 
(mLocalMailer) or a metaobject (MDriveMailer), the tag 
can be identified to be future (Future) or continuation 
(Continuation), respectively. 

FIG. 21 shows the relation between Tag, Future and 
Continuation and that between tag (Tag) and the tag ID 
(TID) by an object model diagram of the object modeling 
method (OMT method). The class future C1 and the class 
continuation C2 can be defined as being Sub-classes derived 
from the class tag C3. The tag (Tag) employs a site of 
execution (Exec.SpaceID) as an identifier ID. In this case, the 
Site of execution ID (Exec.SpaceID) is used as being equiva 
lent to the object-identifying ID. The tag (Tag) can be 
identified as a tag ID (TID). The time stamp contained in the 
tag (Tag) is used for assuring that the tag (Tag) specified 
using the tag|D (TID) is unique with respect to the time axis. 
If future (Future) and continuation (Continuation) can be 
identified, the time Stamp need not necessarily be employed. 
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In the metaspace (mLocal) communication mechanism 
and in the metaspace (mDrive)communication mechanism, 
future ID (futureID) and the continuation ID (ContID) are 
used for identifying future (Future) and continuation 
(Continuation), respectively. If the tag (Tag) is introduced, 
these can be identified as being tag|D (TID) that can be 
Specified in common. 

In the present embodiment, type re-definition is carried 
out in a header file defining an interface (MLOcal.h and 
Mdrive.h) So that the programmer can directly use the 
interface furnishing the metaspace (mLocal) or metaspace 
(mDrive). That is, in the header file of the metaspace 
(mLocal), the future ID (futureID) can be re-defined in the 
tag|D. This can be shown by, for example, the C-language 
or C++ definition method, as typedef TID futureID; where 
typedef means definition of a new type. In the continuation 
header file of a header file Mdrive.h of the metaspace 
(mDrive), the continuationID (contID) is re-defined in 
tagID. This may similarly be shown as typedef TID ContID. 
Tag|D Delivery System and Object Delivering the tag|D 

In the present embodiment, the above-mentioned tag|D 
management System (2B) is applied. As an object Supporting 
the communication mechanism between different 
metaspaces, Deliverer is introduced. The object mainly has 
two interfaces (methods or APIs). 
One of these, that is an interface SErrorDeliverObject, 

delivers the message (msg) to a designated object 
(destination) (represented by the argument object ID (OID) 
and address method (sel)), and requests the mailer (Mailer) 
of the metaspace, where the object (destination) exists, for 
ultimately starting the method of the object (destination). 
This interface SErrorDeliverObject is further used when the 
object (destination) responds to the tag|D (TID) delivered as 
one of the arguments. 
The other interface (sErrorDeliverTag) delivers a tag|D 

(TID). The object (deliverer) checks the type of the tag (Tag) 
corresponding to the tag|D (TID) to know to which mailer 
(Mailer) the tag|D (TID) can be sent. If necessary, the 
interface (SErrorDeliverTag) also delivers the reply message 
(replyMsg). 
Among the methods by which to know the mailer (Mailer) 

of the metaspace where the object of destination (Deliverer 
destination) exists, there are 
1. a method in which an object when generated is pre 

registered in an object (deliverer) and the object 
(deliverer) controls the contents using a table or the like, 
and 

2. a method in which a metaSpace to which belongs an object 
or Some ID that can identify the metaspace is contained in 
a data Structure which can be directly traced from the 
object. In the present embodiment, the latter method is 
used. 

Actual Communication between different MetaSpaces 
AS for the communication between the difference 

metaspaces, the following two cases of communication 
between two different metaspaces (inter-object communica 
tion present in different metaspaces) are conceived. 
A. The case of communication in which the metaspace 

(mLocal) object has communication with the metaspace 
(mDrive) object or has Such communication to receive the 
reply; and 

B. The case of communication in which the metaspace 
(mDrive) has communication with the metaspace 
(mLocal) object or has Such communication to receive the 
reply. 
For the cases of having communication between different 

metaspaces metaspace (mLocal) and metaspace (mDrive) 
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via object (Deliverer), FIGS. 22 and 23 show the former case 
of communication A, while FIGS. 24 and 25 show the latter 
case of communication B. 

Referring to FIG. 22, the processing from acceptance of 
the request for procedure of Send of the base object by the 
metaobject (MLocalMailer) until generation of future 
(Future) (step ST101) is similar to that shown in FIG. 9. 
However, the future (Future) is generated as a tag Sub-class. 
At step ST102, the destination delivery of the message is 

confirmed. If the destination of delivery of the message is 
not the metaspace (mLocal) object, a message is sent to the 
method (DeliverObject) of the object (Deliverer). 

Since the object (Deliverer) can know the destination of 
delivery by the argument of the method (DeliverObject), it 
is further delivered to its mailer (mDriveMailer), as shown 
at step ST103. The procedure shown at step ST106 and 
following steps (steps ST106, ST107 and ST108) after the 
delivery has been requested by the meta object 
(mDriveMailer) via the interface (DeliverObject) are similar 
to the procedure (steps ST83, ST84 and ST85) which the 
metaobject (MDriveMailer) performs for Send at the time of 
Exit. However, in this case the tag|D (TID) is added to the 
message cue at step ST107. 

FIG. 23 shows the procedure when the tag ID (TID) 
delivered to the metaspace (mDrive) is handled in the 
metaspace (mDrive) as the continuation ID (ContID) and is 
kicked. 

Referring to FIG. 23, the metaobject (mDriveMailer) 
knows that the continuation ID (ContID) designated at the 
time of processing for Kick at Exit at step ST111 is not the 
continuation of the metaspace (mDrive). Thus, the tag ID 
(TID) is delivered using the tag (DeliverTag) of the object 
(Deliverer). 
The object (Deliverer) identifies the tag (Tag) from the tag 

ID (TID) at step ST112 to know from the attribute 
(Exec.SpaceID mailer) that the tag (Tag) is the tag of the 
metaobject (MLocalMailer) (future (Future) of the 
metaspace (mLocal))). Thus the tag ID (TID) is delivered to 
the metaobject (MLocalMailer). 
The procedure Since the time the metaobject 

(MLocalMailer) accepted the tag ID (TID) is similar to the 
reply (Reply) of the metaobject (MLocalMailer) of FIG. 10. 
The Subsequent procedure is the steps ST14, ST15, ST16, 
ST17 and ST20 if the result of step ST13 is TRUE. 

FIGS. 24 and 25 show a scenario in which a message is 
transmitted from the metaspace (mDrive) to the metaspace 
(mLocal) and a reply is received. The operation of the object 
(Deliverer) is similar to that shown in FIGS. 22 and 23. 

That is, in the example of FIG. 24, the procedure since the 
time the metaobject (MLocalMailer) accepted the request 
for procedure of Send of the base object until the time of 
generation of continuation (Continuation) is similar to that 
shown in FIG. 17. 
At step ST122, the destination of delivery of the message 

is confirmed. If the destination of message delivery is not the 
metaspace (mDrive) object, the message is sent to the 
method (DeliverObject) of the object (mLocal). 

Since the object (Deliver) can know the destination of 
delivery, the message is further delivered to its mailer 
(Mailer) as shown at step ST123. The procedure after 
delivery request for the metaobject (MLocalMailer) via the 
interface, as shown at steps ST126, ST127, ST128 is similar 
to the procedure which the metaobject (MLocalMailer) 
performs for Send on Exit of the metaobject (MLocalMailer) 
of FIG. 18 (steps ST94, ST95 and ST96). 
On the other hand, the metaobject (MLocalMailer) knows 

at steps ST131 to ST134 that the futureID (futureID) des 
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ignated at the time of processing for Kick at the time of Exit 
is not the future (Future) of the metaspace (mLocal) as in 
steps ST11, ST12 and ST13 of FIG. 10. Thus the tag ID 
(TID) is delivered using the tag (DeliverTag) of the object 
(Deliverer). This is the same as the case in which the result 
of step ST13 is FALSE. 
The object (Deliver) specifies from the tag ID (TID) at 

step ST135 and knows from its attributes that the tag (Tag) 
is the continuation (Continuation) of the metaspace 
(mDrive). Thus the tag ID (TID) is delivered to the metaob 
ject (MDriveMailer). 

The procedure Since the time of acceptance of the tag ID 
(TID) by the metaobject (MDriveMailer) is similar to the 
processing (steps ST93, ST94, ST95 and ST96) of the 
metaobject (MDriveMailer) explained with reference to 
FIG. 18. 
Other Conceivable Systems for Realization 

In the present chapter, other conceivable Systems for 
realization of the communication mechanism employing 
the tag than those So far explained are explained. 
System for Recognizing the Tag type by the Tag|D 
The present embodiment has an ID of the mailer (Mailer) 

as an attribute of the tag (Tag). This enables discrimination 
of the type of the tag (Tag). Another method is a system of 
appending to the tag ID the information for recognizing the 
tag type. If the tag ID is an integer represented by two bits, 
it may be conceived to use a System in which two lower bits 
are used for the type of the tag (Tag). FIG. 26 shows an 
example of the System for Verifying the tag type by the 
tagID. That is, in FIG. 26, if the combination of the lower 
two bits is 00, the tag ID represents the future (Future) of the 
metaspace (mLocal). If, on the other hand, the combination 
of the lower two bits is 01, the tag ID represents the 
continuation (Continuation) of the metaspace (mDrive). In 
contrast to FIG. 21, FIG. 27 shows an OMT in which only 
the tag ID (TID) is generated without using the subject of the 
tag and the tag attributes are included in this tag ID (TID). 
In FIG. 27, C1 and C2 are the same as those shown in FIG. 
21. In this case, there is no necessity of Securing a tag area 
in the memory, thus Saving the memory area. Although the 
lower two bits are used in the present embodiment, a Sole bit 
or upper or intermediate optional bits may, of course, be 
used. 
Tag Management System 

In the present embodiment, the possibility of using the tag 
management Systems (1), (2) and (3) has been shown, as 
described above. In any of these Systems, it has been shown 
that the tag has a type as its attribute and the mailer (Mailer) 
checks the type in order to give judgment whether or not at 
least the Mailer (Mailer) itself can process the tag. In 
distinction from this embodiment, Such a System may be 
conceived in which the type is not included in the tag 
attributes and in which the tag that can be processed by the 
mailer (Mailer) is managed in the inside of the mailer 
(Mailer). 

In this system, if the future (Future) of the continuation 
(Continuation) is generated by the mailer (Mailer), the 
information So generated is preserved in a table owned by 
the mailer (Mailer) itself. If the reply (Reply) or kick (Kick) 
is delivered by the tag, the mailer (Mailer) scans the table. 
If the tag can be processed by the mailer (Mailer), the usual 
operation of the reply (Reply) and kick (Kick) is performed. 
If otherwise, it is possible to make an inquiry to which 
mailer (Mailer) the tag can be delivered, as in the tag 
management System (2A), or to request other objects to 
continue the Succeeding processing. 

In this case, an object other than the mailer (Mailer) that 
can process the tag ID and the associated tag, Such as the 
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object (Deliverer), needs to be coped with by, for example, 
a table, if there lacks the type as the tag attribute. 

FIG. 28 shows the state transition diagram of the thread 
(Thread) in the Scheduler. An illustrative design statement 
of the Scheduler is now shown. 

Each thread (Thread) presents each State for execution 
control. The Scheduler Supervises state transition of these 
threads (Threads) and determines which thread is executed 
next based on the attribute Such as priority order. 
The dormant state (Dormant) indicates that there is noth 

ing to be executed in connection with the thread (Thread). 
The message (message) at this time is in the reception 
possible State. 
The execution possible (Ready) state indicates that the 

thread (Thread) is in the execution possible State and is 
entered (engueued) in the queue for threads (Threads) in the 
execution possible State (ReadyOueues) in the Scheduler. 
The object associated with the thread (Thread) in the execu 
tion possible (Ready) state is invoked by M (Meta 
Computation). 
The executing State (Running) indicates that the thread 

(Thread) is running. 
The waiting State (Wait) indicates the execution interrupt 

ing State and is generated when WaitFor is issued before 
Reply by the above-mentioned communication function of 
the metaspace (mLocal). 

Several examples of the interface (API) are hereinafter 
explained. 
SError MakeReady (thread, Sel, msg) 

This interface (API) is used by a mailer metaobject, such 
as the above-mentioned metaobject (MLocalMailer), for 
Sending the message (msg) to the method designated by the 
selector (sel) of the address object linked by the thread 
(Thread). 
The scheduler (Scheduler) causes transition of the state of 

the thread (Thread) from the dormant state (Dormant) to the 
execution possible State (Ready) to enter (engueue) the State 
in the Ready Queues. 
The address object is invoked when the thread (Thread) is 

scheduled, that is when the thread (Thread) in the execution 
possible State (Ready) is executed by the Scheduler 
(Scheduler). 

Meanwhile, SError indicates the state of the result of 
execution and, if MakeReady has operated correctly, it 
returns a return value (SSuccess) indicating that effect. If 
otherwise, SError returns various errors. 
sError MakeReady (Thread) 

This interface (API) is used by a mailer for starting 
execution of the thread (thread). The scheduler (Scheduler) 
causes transition of the state of the thread (Thread) from the 
waiting state (Wait) to the execution possible (Ready) State 
to enter (engueue) it in the ready queues.(Ready Queues). 
This interface is used when an object which has issued 
WaitFor by the above-mentioned metaspace (mLocal) com 
munication function and is in the waiting State (Wait) 
receives the result message by the reply (Reply) issued by 
another object So as to be set to Ready State. 
sError MakeWait (Thread) 

This interface (API) is used for stopping execution of the 
thread (Thread). The scheduler (Scheduler) causes transition 
of the thread (Thread) from the execution possible state 
(Ready) to the waiting state (Wait) to remove it from the 
queues in the Ready Queues (dequeue). Meanwhile, each 
mailer is not in need of invoking this interface for Stopping 
execution of the base object. It is because the State has 
already been changed to the waiting State (Wait) when the 
base object invokes the mailer using the above-mentioned M 
(Meta Computation). 



US 6,466,991 B1 
21 

sError MakeDormant (Thread) 
This interface (API) is used by the mailer for stopping 

execution of the thread (Thread). The scheduler (Scheduler) 
causes transition of the thread (Thread) from the execution 
possible state (Ready) to the dormant state (Dormant) to 
remove it from the queues in the Ready Queues (dequeue). 

Meanwhile, the state of the object as viewed from the 
mailer, or the associated thread, is classified into a dormant 
State (Dormant), execution possible State (Ready) and wait 
ing State (Wait). It is because the mailer is not in need of 
knowing which of plural objects in the execution possible 
state is running on the CPU. 
What is claimed is: 
1. A data communication method for realizing a function 

of Software in its entirety by communication between a first 
object and a Second object, wherein Said first object and Said 
Second object include Said function of Said Software built 
into a module, comprising the Steps of 

generating a tag for identifying an operating environment 
of Said Second object in which the tag is used and for 
controlling Synchronization of parallel execution of 
Said communication between a plurality of objects 
existing in a plurality of different operating environ 
ments, and 

transmitting Said tag to Said Second object along with a 
communication message, 

wherein Said tag includes one of a first identifier indicat 
ing a memory for Storing a result of processing of Said 
Second object and a Second identifier indicating a third 
object and information to be delivered to said third 
object. 

2. The data communication method as Set forth in claim 
1, wherein when generating Said tag, at least a tag ID for 
identifying Said tag and an attribute Specifying a tag type are 
generated. 

3. The data communication method as Set forth in claim 
1, wherein one of said plurality of objects is provided for 
SuperVising a tag type. 

4. The data communication method as Set forth in claim 
2, wherein one of said plurality of objects is provided for 
SuperVising Said tag type. 
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5. The data communication method as set forth in claim 

2, wherein said tag ID is delivered by one of said plurality 
of objects along with Said communication message. 

6. The data communication method as Set forth in claim 
5, wherein Said one of Said plurality of objects delivering 
Said tag ID determines a destination of delivery based on 
Said tag type. 

7. The data communication method as set forth in claim 
6, wherein Said one of Said plurality of objects delivering 
Said tag ID has a table of Said destination of delivery and Said 
tag type. 

8. The data communication method as set forth in claim 
1, wherein a tag ID for at least Specifying information for 
identifying Said tag and an attribute Specifying a tag type is 
generated. 

9. The data communication method as set forth in claim 
8, wherein Said tag type is represented using a part of a 
plurality of bits of said tag ID formed by said plurality of 
bits. 

10. A data communication method for realizing a function 
of Software in its entirety by communication between a a 
first object, wherein Said first object and Said Second object 
include Said function of Said Software built into a module, 
comprising the Steps of: 

generating a third data Structure having an identifier for 
distinguishing between a first data Structure generated 
by Said first object and a Second data Structure gener 
ated by Said Second object when having communication 
between said first object and Said Second object existing 
in different operating environments, and 

transmitting data pertaining to Said third data structure 
along with a communication message from said first 
object to Said Second object, 

wherein Said third data Structure includes one of a first 
identifier indicating a memory for Storing a result of 
processing of Said Second object and a Second identifier 
indicating a third object and information to be delivered 
to said third object. 
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